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[bookmark: _Toc30223]Supplementary Table 1: Formulas for Calculating Weight-Derived Markers and Serum Osmolarity.
	Marker Name
	Calculation Formula
	Ref.

	BMI
	BMI (kg/m2) = Weight/(Height*Height)
	[1]

	LBM
	LBM (kg) = (0.29569 × Wt) + (0.41813 × Ht) – 43.2933
	[2]

	BFP
	BFP (%) = 1.20 × BMI + 0.23 × Age – 16.2 × Sex – 5.4
	[3]

	WBFM
	WBFM (kg) = Wt × (BFP / 100)
	[4]

	BMR
	Male: BMR (kcal/day) = (10 × Wt) + (6.25 × Ht) – (5 × Age) + 5 
Female: BMR (kcal/day) = (10 × Wt) + (6.25 × Ht) – (5 × Age) – 161
	[5]

	Osmolarity
	Osmolarity, mmol/L = 2 × (Na⁺ + K⁺) + (Glu / 18) + (Urea / 2.8)
	[6]


Abbreviations: BFP: Body Fat Percentage; BMI: Body Mass Index; BMR: Basal Metabolic Rate; LBM: Lean Body Mass; WBFM: Whole-Body Fat Mass.
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	Adjusted model 2
	
	Adjusted model 3
	
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	BMI
	1.05
	
	BMI
	1.02
	
	BMI
	1.05

	Osmolarity
	1.99
	
	Cerebrovascular 
	1.49
	
	Age
	1

	BUN
	2.06
	
	Cardiovascular 
	1.18
	
	Sex
	1.22

	Creatinine
	3.42
	
	Diabetes 
	1.19
	
	Smoker
	1.18

	PaCO2
	1.02
	
	Hypertension 
	1.31
	
	
	

	SpO2/FiO2 ratio
	1.5
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.13
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


Abbreviations: BMI: Body Mass Index; BUN: Blood Urea Nitrogen; PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; SpO2/FiO2 ratio: Oxygen Saturation/Fraction of Inspired Oxygen Ratio; CPIS: Clinical Pulmonary Infection Score; aCCI: age-Adjusted Charlson Comorbidity Index; MAP: Mean Arterial Pressure.
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	Adjusted model 2
	
	Adjusted model 3
	
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	Weight
	1.04
	
	Weight
	1.01
	
	Weight
	1.18

	Osmolarity
	1.97
	
	Cerebrovascular 
	1.49
	
	Age
	1

	BUN
	2.05
	
	Cardiovascular 
	1.18
	
	Sex
	1.31

	Creatinine
	3.38
	
	Diabetes 
	1.19
	
	Smoker
	1.17

	PaCO2
	1.03
	
	Hypertension 
	1.31
	
	
	

	SpO2/FiO2 ratio
	1.5
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.14
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


Abbreviations: BMI: Body Mass Index; BUN: Blood Urea Nitrogen; PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; SpO2/FiO2 ratio: Oxygen Saturation/Fraction of Inspired Oxygen Ratio; CPIS: Clinical Pulmonary Infection Score; aCCI: age-Adjusted Charlson Comorbidity Index; MAP: Mean Arterial Pressure.
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	Adjusted model 2
	
	Adjusted model 3
	
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	WBFM
	1.04
	
	WBFM
	1.02
	
	WBFM
	2.53

	Osmolarity
	1.98
	
	Cerebrovascular 
	1.49
	
	Age
	1

	BUN
	2.06
	
	Cardiovascular 
	1.18
	
	Sex
	2.78

	Creatinine
	3.43
	
	Diabetes 
	1.19
	
	Smoker
	1.18

	PaCO2
	1.02
	
	Hypertension 
	1.31
	
	
	

	SpO2/FiO2 ratio
	1.5
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.13
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


Abbreviations: BMI: Body Mass Index; BUN: Blood Urea Nitrogen; PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; SpO2/FiO2 ratio: Oxygen Saturation/Fraction of Inspired Oxygen Ratio; CPIS: Clinical Pulmonary Infection Score; aCCI: age-Adjusted Charlson Comorbidity Index; MAP: Mean Arterial Pressure.
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	Adjusted model 2
	
	Adjusted model 3
	
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	BMR
	1.02
	
	BMR
	1.01
	
	BMR
	3.21

	Osmolarity
	1.95
	
	Cerebrovascular 
	1.49
	
	Age
	1

	BUN
	2.06
	
	Cardiovascular 
	1.18
	
	Sex
	3.27

	Creatinine
	3.39
	
	Diabetes 
	1.18
	
	Smoker
	1.17

	PaCO2
	1.03
	
	Hypertension 
	1.31
	
	
	

	SpO2/FiO2 ratio
	1.49
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.13
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


[bookmark: _Hlk174027177]Abbreviations: BMI: Body Mass Index; BUN: Blood Urea Nitrogen; PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; SpO2/FiO2 ratio: Oxygen Saturation/Fraction of Inspired Oxygen Ratio; CPIS: Clinical Pulmonary Infection Score; aCCI: age-Adjusted Charlson Comorbidity Index; MAP: Mean Arterial Pressure.
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	Adjusted model 2
	
	Adjusted model 3
	
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	BFP
	1.07
	
	BFP
	1.02
	
	BFP
	4.33

	Osmolarity
	1.96
	
	Cerebrovascular 
	1.49
	
	Age
	1.3

	BUN
	2.06
	
	Cardiovascular 
	1.18
	
	Sex
	4.36

	Creatinine
	3.41
	
	Diabetes 
	1.19
	
	Smoker
	1.18

	PaCO2
	1.02
	
	Hypertension 
	1.32
	
	
	

	SpO2/FiO2 ratio
	1.49
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.16
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


Abbreviations: BMI: Body Mass Index; BUN: Blood Urea Nitrogen; PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; SpO2/FiO2 ratio: Oxygen Saturation/Fraction of Inspired Oxygen Ratio; CPIS: Clinical Pulmonary Infection Score; aCCI: age-Adjusted Charlson Comorbidity Index; MAP: Mean Arterial Pressure.
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	Adjusted model 2
	
	Adjusted model 3
	[bookmark: _Hlk174027718]
	Adjusted model 1

	Variable
	VIF
	
	Variable
	VIF
	
	Variable
	VIF

	LBM
	1.02
	
	LBM
	1.01
	
	LBM
	1.17

	Osmolarity
	1.95
	
	Cerebrovascular 
	1.49
	
	Age
	1.00

	Creatinine
	3.4
	
	Diabetes 
	1.18
	
	Smoker
	1.17

	PaCO2
	1.03
	
	Hypertension 
	1.31
	
	
	

	SpO2/FiO2 ratio
	1.49
	
	Hypoproteinemia
	1.02
	
	
	

	CPIS 
	1.43
	
	Hyperlactatemia
	1.01
	
	
	

	aCCI
	1.13
	
	
	
	
	
	

	MAP 
	1.03
	
	
	
	
	
	


Abbreviations: LBM, Lean Body Mass. Note: Due to the covariance between LBM and the gender variable, only LBM, Age, Smoking was included in the adjusted model 3.


[bookmark: _Toc9727]Supplementary Table 8: Effect size of Weight-Derived Markers on secondary outcomes.
	Characteristics
	OR/Coef.
	Lower
	Upper
	P-value

	Need for IMV (n=153, 30.1%)
	
	
	
	

	LBM
	1.01 
	0.95 
	1.06 
	0.775 

	BMR
	1.00 
	1.00 
	1.00 
	0.951 

	BFP
	0.99 
	0.90 
	1.08 
	0.758 

	Weight
	0.97 
	0.90 
	1.04 
	0.390 

	WBFM
	0.93 
	0.84 
	1.03 
	0.168 

	BMI
	0.86 
	0.69 
	1.07 
	0.166 

	Length of hospital stay, 9 (7, 14) days
	
	
	
	

	LBM
	0.05 
	-0.01 
	0.11 
	0.089 

	BMR
	0.00 
	0.00 
	0.00 
	0.126 

	BFP
	-0.08 
	-0.18 
	0.02 
	0.118 

	Weight
	0.03 
	-0.06 
	0.11 
	0.519 

	WBFM
	-0.07 
	-0.17 
	0.04 
	0.223 

	BMI
	0.00 
	-0.26 
	0.26 
	0.993 

	Length of Oxygen therapy time, 8 (6, 12) days
	
	
	

	LBM
	0.04 
	0.00 
	0.09 
	0.070 

	BMR
	0.00 
	0.00 
	0.00 
	0.092 

	BFP
	-0.04 
	-0.11 
	0.03 
	0.289 

	Weight
	0.03 
	-0.04 
	0.09 
	0.430 

	WBFM
	-0.06 
	-0.14 
	0.02 
	0.158 

	BMI
	-0.01 
	-0.21 
	0.19 
	0.909 


Abbreviations: BFP: Body Fat Percentage; BMI: Body Mass Index; BMR: Basal Metabolic Rate; LBM: Lean Body Mass; WBFM: Whole-Body Fat Mass.
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Supplementary Figure 2: Distribution of variables after PSM




image3.png
o
c

- Coefficient paths Random Forest Classifier
R e P . e -0.837
QEC\, B QQT)O ——————— o o § - 14
z g . o & - 12803836
= - O o £ .10
< S, . 2.8 -0835
= —g v ® é‘ _ 6
5% S . -0.834
& § . 214
oo -] 100 Z 2 -0.833
. . . : T T ; ; 150 ~_ -, = &
1 01 001 10001 0001 .00l 01 1 Begy 200700 27 8 q;& -0.832
Cross-validation minimum lambda. A In]al‘ors 300 N
A=.012, # Coefficients=6. e f
-0.82
d Grid Search: GaussianNB DecisionTreeClassifier GradientBoostingClassifier
3 -0.81

0.8100
0.820

08075
0.8050 0.0 0815
08025 0810
-079

Max depth
Mean Accuracy

°
8
4

0.8000

Mean Test Score

0.7975
-0.78 0.800

0.7950

0.7925

9 077 DI N R e N e 3
107 10° 10" 10” 10f Min samples leaf Parameter Sets

var smoothing

Supplementary Figure3: Development and validation of a machine learning model based on Body Mass Index (BMI).
a Selection of the optimal minimum lambda value in the LASSO regression model via 10-fold cross-validation, used
to screen critical predictive variables (including BMI) and avoid overfitting; b Coefficient profiles of variables during
LASSO regression: variables with non-zero coefficients (including BMI) were retained as final predictors for
subsequent model development; c-f Visualization of parameter optimization in the machine learning process;




